1. Introduction {#s0005}
===============

*N-*(phosphonomethyl) glycine, glyphosate (GP), is the most extensively applied herbicides in agriculture, post-emergent nonselective and broad-spectrum herbicide ([@b0125]). Glyphosate is used extensively for control of a great variety of plants including grasses and broad-leaved weeds. Its extensive use has been negatively linked to human health due to its toxicity ([@b0070]). It has been reported that glyphosate is related to several health problems such as hypothyroidism, chronic kidney diseases, cancer and birth defects ([@b0190], [@b0100]). Because of the influence of glyphosate-containing herbicides and glyphosate on agriculture and microbial ecosystems in soil, it is very important to identify methods for enhancing glyphosate manipulation and bioremediation in soils ([@b0195]).

Microorganisms have a significant role in pollutant removal in sediments, water and soil; especially for their use other than remediation methods ([@b0040]). [@b0115] reported that bacteria are probably the most varied microorganisms due to their nutritional requirements. Bacteria are now widely used in the biological treatment process such as pesticides ([@b0215], [@b0160], [@b0135]), polyaromatic hydrocarbon ([@b0065], [@b0005]) and heavy metals ([@b0090], [@b0140]). A lot of bacterial strains were isolated which able to degrade glyphosate and most of these strains have been isolated from sites already treated by the herbicide ([@b0025]).

Glyphosate is primarily decomposed in the soil by fungi and bacteria, which use glyphosate as a phosphorus source to produce a glycine or carbon source to produce an aminomethylphosphonic acid (AMPA) ([@b0230]). Cleansing soils contaminated with glyphosate herbicide using bacteria is considered an affordable and environmentally friendly bioremediation method ([@b0110]). Many different strains of fungal and bacterial that can utilize glyphosate during metabolism as a source of phosphate, carbon or nitrogen have been isolated and characterized ([@b0220]). Despite organophosphate-degrading microorganism diversity, very few reports have been published about bacteria-based technologies for the glyphosate-polluted soils cleanup.

The most active glyphosate-degrading strains were usually isolated from the soils contaminated with this herbicide. Many examples of bacteria have been isolated such as *Bacillus cereus* CB4 ([@b0255]), *Enterobacter cloacae*, *Enterobacter* sp, *Pseudomonas fluorescens* ([@b0015]), *Achromobacter* sp. Kg 16 and *Ochrobactrum anthropic* GPK 3 ([@b0050]), which possess a high degradative potential under environmental conditions and survive as well in the soil. [@b0145] evaluated the abilities of five bacterial strains (*Pseudomonas fluorescens, Azotobacter* sp., *Alcaligenes* sp., *Escherichia* sp and *Acetobacter* sp.) to degrade glyphosate at different environmental conditions. [@b0235] have documented two different pathways for the glyphosate breakdown by *Arthrobacter* sp. GLP-1/Nit and *Achromobacter* sp. LW9. Therefore, the isolation and characterization of efficient glyphosate- degrading bacterial strains display great significance for application in bioremediation and wastewater treatment. So, the aim from this work was to isolate, characterize and identify a new bacterial strain capable of degrading high concentrations of glyphosate by using enrichment cultures. We also try to use bioinformatics tools to design specific primers for the isolation *goxB* gene that involved in glyphosate biodegradation.

2. Materials and methods {#s0010}
========================

2.1. Chemicals and reagents {#s0015}
---------------------------

Glyphosate \[N-(phosphonomethyl)glycine\] 96% was purchased from Sigma-Aldrich (CAS Number: 1071-83-6, St. Louis, USA). Bacto-LB broth, Bacto-LB agar and mineral salts medium (MSM) were bought from Becton (Dickinson and Company, Sparks, MD, USA). The API 50 CHB/ medium for carbohydrate fermentation tests were purchased from (BioMérieux 50 430, Inc., Marcy l'Etoile, France).

2.2. Isolation and purification of glyphosate manipulation bacteria {#s0020}
-------------------------------------------------------------------

A Sampling of the glyphosate treated soil was conducted in June 2019 from an agro-industrial zone located in the industrial zone in Sadat City of Monufia Governorate, Egypt (30°23′01.7″N 30°31′38.0″E). Isolation of endogenous/associated glyphosate degrading bacteria form the soil samples were initiated by suspending the soil samples in sterile saline (1 g. 100 mL^−1^) under shaking at 150 rpm for 90 min at 30 °C. Isolation and further purification of the bacterial isolates were performed onto Luria Bertani (LB) agar medium supplemented with 7.2 mg/ml *N*-(phosphonomethyl) glycine in triplicate and incubated at 30 °C for 24 h. Up to 30 isolates (FACU1-FACU30) were isolated ([@b0030]). The thirty selected isolates were manipulated by spread-plated onto LB agar medium supplemented with 50 mg/ml glyphosate in triplicate and incubated at 30 °C for 24 h. The high concentration of glyphosate was added to ensure the capability and stability of the isolated bacteria to grow and degrading the glyphosate under a high concentration ([@b0250]).

2.3. Enrichment and selection of glyphosate degrading strain {#s0025}
------------------------------------------------------------

Up to 10 bacterial isolates were isolated under a high concentration of glyphosate (50 mg/ml glyphosate). The selected isolates were inoculated (5% v/v) in mineral salts medium (MSM) (g/L): K~2~HPO~4~, 5.8; NaMoO~4~, 0.002; (NH~4~)~2~SO~4~, 2; KH~2~PO~4~, 4.5; CaCl~2~, 20; MgCl~2~·2H~2~O, 0.16; FeSO~4~·7H~2~O, 0.001; MnCl~2~, 0.001. 50 mg/ml glyphosate was added in 250 mL Erlenmeyer flask as a sole carbon source and incubated under dark conditions with shaking at 150 rpm and 30 ± 2 °C for 7 days ([@b0145]). Biodegradability of the selected isolates was tested by inoculating (5% v/v) of the cultivated isolates into a fresh MSM containing various concentrations of glyphosate (50, 100, 150, 200 and 250 mg/ml) and incubated at the same conditions for 7 days. The CFU (Colony-Forming Unit) as a bacterial count of the ten selected isolates was measured after 7 days to detect the increasing/decreasing of the bacterial count under high concentrations of glyphosate. CFUs of the ten isolates were performed by the pure plate methods according to [@b0035].

2.4. Identification of the selected isolated glyphosate degradation bacteria {#s0030}
----------------------------------------------------------------------------

The most potential selected bacterial isolate for glyphosate degradation was initially identified to species level via morphologically, physiologically and biochemically confirmed by using API 50 CHB/E carbohydrate fermentation strips ([@b0080], [@b0210]). The kit was used according to the instructions of the manufacturer.

2.5. Molecular identification using 16S rDNA gene {#s0035}
-------------------------------------------------

PCR reaction was done to amplify the *16S rRNA* gene of FACU3 isolate. The *16S rRNA* region was amplified by using the universal primer set; 27F: 5′- AGAGTTTGATCMTGGCTCAG-3′ and 1492R: 5′-TACGGYTACCTTGTTACGACTT-3′. The primers were utilized to amplify a 1373 bp fragment using 10 ng genomic DNA.

2.6. DNA extraction {#s0040}
-------------------

Qiagen Kit (Qiagen Sciences, USA; Cat. no 51304) was used for chromosomal DNA according to the manufacturer's instruction manual. Both the alkaline lysis method ([@b0205]) and QIAprep spin miniprep (Qiagen Sciences, USA; cat. no 27106) were used for plasmid DNA extraction.

2.7. Primer design for goxB gene {#s0045}
--------------------------------

According to the DNA sequence of *FAD-dependent glyphosate oxidase* genes (GenBank accession no. GU479462, GU479463 and GU21 4711), GenBank Database (www.ncbi.nlm.nih.gov) was used for primers design of *goxB* gene (responsible for glyphosate manipulation) using the Primer3Plus (<https://primer3plus.com/cgi-bin/dev/primer3plus.cgi>). Multiple sequence alignment (MSA) was analyzed using Clustal Omega (<https://www.ebi.ac.uk/Tools/msa/clustalo/>). The amino acid analysis was achieved using Expasy software (<https://www.expasy.org/>).

2.8. Polymerase chain reaction (PCR) {#s0050}
------------------------------------

PCR reactions were done with a total volume of 50 μL, containing 5 μL bacterial DNA (50 ng/μL), 25 μL master mix (OnePCR™ genedirex, Cat. No. MB203-0100), 2.5 μL from each forward and reverse primers and 15 μL of nuclease-free water. PCR program, primary denaturation step at 94 °C for 5 min and 35 cycles including denaturation for 60 sec at 94 °C; annealing for 60 sec at 56 °C and extension for 120 sec at 72 °C, then final extension step for 5 min at 72 °C. Amplified products were visualized on a 1.2% agarose gel under ultraviolet (UV) light. The purification for the PCR product was done using ExoSAP-IT™ PCR Product Cleanup Reagent (applied biosystems, USA, cat. no 78201), after that the forward and reverse sequencing was done at HVD Company, Germany using PCR primers. The phylogenetic trees were constructed using Clustal Omega multiple sequence alignment tool (<https://www.ebi.ac.uk/Tools/msa/clustalo/>).

3. Results {#s0055}
==========

The bioremediation process based on microbes mentioned as the potential methods to get rid of the environmental pollutions in an eco-environmental friendly way from the contaminated sites ([@b0060], [@b0085]). There are different strategies for microorganisms including co-metabolism, catabolism and metabolic enzymes in manipulation reaction towards pesticides in soils ([@b0165]).

3.1. Bacterial isolation {#s0060}
------------------------

Bacterial isolates were collected from industrial areas contaminated with residual industries such as pesticides, detergents, disinfectants, chemicals, feed concentrates, veterinary medicines and agricultural fertilizers. Thirty bacterial isolates (FACU1 to FACU30) have been isolated and purified from the selected agro-industrial zone. The bacterial isolates were able to grow in LB medium supplemented with 7.2 mg/ml glyphosate. Ten bacterial isolates were capable to grow under different concentrations (50, 100, 150, 200 mg/ml) of glyphosate. Interestingly, the growth of selected isolates in the presence of herbicides was better than in natural conditions. The CFUs of the isolated bacteria referred to a significant variation that can be due to the variation of the capability of the isolated bacteria to grow and degrading the glyphosate under a high concentration of the glyphosate. The FACU3 isolate indicated to the highest CFU/ml at different concentrations of glyphosate ([Fig. 1](#f0005){ref-type="fig"}). These results suggested that all isolates were capable of glyphosate degradation at different concentrations. Especially, FACU3 isolate was the best isolate that showed a high ability to glyphosate degradation.Fig. 1The CFU of the ten bacterial isolates at different concentrations of glyphosate.

3.2. Morphological and molecular characterization {#s0065}
-------------------------------------------------

The results of CFUs elucidated that the FACU3 isolate is the best glyphosate degradation. This isolate has been confirmed as a long rod bacteria of the spore-forming Gram-positive, motile, strictly aerobic, with optimum growth temperature at 30 °C, and non-pigmented on agar-containing media. The FACU3 isolate presented positive results for oxidase, catalase, amylase, gelatinase, urease, caseinase, tryptophane deaminase, lysine decarboxylase, ornithine decarboxylase, glutamate decarboxylase and acetic acid formation tests. Over and above, FACU3 isolate had the ability to utilize different carbon sources such as glycerol, D-arabinose, D- ribose, L-arabinose, D-fructose, D-glucose, D-mannitol, D-sucrose, D-galactose, D-melibiose and armygdalin ([Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"}). On the contrary, this isolate cannot utilize L-xylose and D-xylose, erythritol, D-adonitol, methyl-ßD-xylopyranoside, L-rhamnose, D-mannose, dulcitol, inositol, L-sorbose, D-sorbitol, methyl αD-mannopyranoside and methyl αD-glucopyranoside as a carbon source. Likewise, this isolate presented negative results for phosphatase, arginine dihydrolase, Voges--Proskauer, methyl red, indole production and nitrate reduction tests ([Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"}). According to the results of both the API identification profile and the Bergey\'s Manual of Systematic Bacteriology, FACU3 isolate was defined as a *bacillus* ([@b0225]).Table 1Morphological and microscopic characters of FACU3 isolate.**ResultMorphological test**+**Gram stain**Long rod-shaped**Cell shape**+**Spore forming**5--8 mm**Colony size**+**Motility**White**Colony color**Table 2Some Physiological, biochemical and chemotaxonomic characteristics using API 50 CHB Kit of FACU3 isolate.TestResult\*TestResult\*Oxidase+L-arabinose+Catalase+Erythritol--Amylase+D-arabinose.+Gelatinase+Glycerol+phosphatise--D-galactose+Tryptophane deaminase+L-xylose--Arginine dihydrolase--D-xylose--Lysine decarboxylase+D-Adonitol--Ornithine decarboxylase+Methyl-beta-D-xylopyranoside--Glutamate decarboxylase+D-ribose+Voges-Proskaure--D-glucose+Methyl red--D-mannitol+Nitrate reduction--D-mannose--Acetic acid+L-rhamnose--Hydrolysis of Casein+D-sorbitol--Hydrolysis of Gelatin+Dulcitol--Hydrolysis of Starch+Inositol--Hydrolysis of Urea+D-fructose+indole production--L-sorbose--Methyl-alpha-D-mannopyranoside--D-melibiose+Methyl-alpha-D-glucopyranoside--D-saccharose (sucrose)+[^1]

The molecular identification at the genetic level was employed to confirm the morphological and biochemical identifications of the FACU3 isolate. *16S rRNA* universal primers (27F and 1492R) were used in molecular identification. About 1373 bp of the *16S rRNA* gene was amplified and sequenced ([Fig. 2](#f0010){ref-type="fig"}). A nucleotide sequence resulting from FACU3 *16S rRNA* gene sequencing was compared with the GenBank databases using BLAST. The isolated FACU3 displayed 99% of sequence homology with *16S rRNA* gene from *Bacillus aryabhattai*. The obtained sequence was deposited to the National Center for Biotechnology Information (NCBI) (<https://www.ncbi.nlm.nih.gov/WebSub/>) under accession number MN749556 as *Bacillus aryabhattai* strain FACU. Then, the blast algorithm (<http://www.ncbi.nlm.nih.gov> /blast/Blast.cgi) was used for the alignment of the *16S rRNA* sequence of *Bacillus aryabhattai* strain FACU and compared with the available sequences of *16S rRNA* gene of several bacterial strains that deposited in NCBI databases. The phylogenetic tree was constructed ([Fig. 3](#f0015){ref-type="fig"}). [Fig. 3](#f0015){ref-type="fig"} showed that the *Bacillus aryabhattai* strain FACU strain was grouped closely with *Bacillus aryabhattai* strain XT34, *Bacillus* sp. ATY1, *Bacillus* sp. ATY5 *16S ribosomal RNA* gene with 99.93% sequence similarity. The results of the *16S rRNA* phenotypic characterization indicated that the *Bacillus aryabhattai* strain FACU is a species in the genus *Bacillus*.Fig. 2*16 s rDNA* gene amplification using universal primers. M, DNA marker (1 Kb ladder); Lane 1, the isolate FACU3.Fig. 3The phylogenetic tree of *Bacillus aryabhattai* strain FACU *16 s rRNA* gene *goxB* gene localization.

Before gene amplification, the plasmid was isolated from *Bacillus aryabhattai* strain FACU to study the localization of *goxB* gene on the chromosome or in the plasmid, both manual preparation and Qiagen plasmid mini prep were used for plasmid extraction. The result exhibited that no plasmid has been found in the *Bacillus aryabhattai* strain FACU. This result showed the presence of *goxB* gene on the *Bacillus aryabhattai* strain FACU chromosome.

3.3. Primer designing and amplification of goxB gene {#s0070}
----------------------------------------------------

DNA nucleotide sequences, encoding FAD-dependent glyphosate oxidase enzyme, of three different bacterial species were used as published in the NCBI databases. All the DNA nucleotides sequences were complete open reading frames. BLAST was used with the selected nucleotide sequences recovered related DNA sequences of several bacterial species, including DNA sequence of the *Ochrobactrum* sp. To design *goxB* gene particular primers, initially, MSA analysis was performed between all recovered DNA sequences using Clustal Omega. Wide gaps and low levels of similarity were excluded using DNA sequences inspecting and filtering the MSA results. Then MSAs were used on the most similar DNA nucleotides sequences until the aligned sequences exhibited large areas of sequence similarity. The most appropriate primers of *goxB* gene amplification were selected and subjected to further analysis after alignment PCR analysis. To confirm the results of alignment PCR, the selected primers were BLAST with NCBI GenBank nucleotide databases. The primers BLAST displayed that the similarity percentage between targeted *goxB* gene DNA sequences and the designed primers was very high. The selected forward and reverse primers were used to amplify the expected segment of the *goxB* gene ([Table 3](#t0015){ref-type="table"}).Table 3the primers sequence used for *goxB* gene.**Primer namePrimer sequenceAnnealing temp.Expected size*goxB*-F**5'- ATGGCCGAGAACCATAAGAAGG-3'601296 bp***goxB*-R**5'- TTAGGAGGCGGGGCCTGTTT-3'

In this experiment, 1296 bp DNA fragment corresponding to the ORF of *goxB* gene was amplified from *Bacillus aryabhattai* strain FACU chromosomal DNA using PCR ([Fig. 4](#f0020){ref-type="fig"}). *goxB* gene was sequenced and then the sequence analysis was performed by blasting with available sequences in the NCBI. The results showed that the *goxB* gene was about 94.68% similarly with other closely related bacteria. The phylogenetic tree was constructed ([Fig. 5](#f0025){ref-type="fig"}). [Fig. 5](#f0025){ref-type="fig"} showed that the *goxB* gene isolated from the *Bacillus aryabhattai* strain FACU strain was grouped closely with *uncultured bacterium clone pGOXB FAD-dependent glyphosate oxidase (goxB)*.Fig. 4The *goxB* gene amplification (M); 1 Kb DNA ladder marker. Line 1: *Bacillus aryabhattai* strain FACU goxB gene.Fig. 5The phylogenetic tree of *goxB* gene Sequence analysis.

Expasy software was used to define the *goxB* gene amino acid sequences and the genetic distance then the amino acid sequence was blasted with available sequences in the NCBI ([Fig. 6](#f0030){ref-type="fig"}). [Fig. 6](#f0030){ref-type="fig"} showed the *goxB* gene amino acid sequence*.* The amino acid sequence was aligned with the database using Clustal Omega multiple sequence alignment tool ([Fig. 7](#f0035){ref-type="fig"}). The *goxB* protein was 431 amino acids with 46.14 KDa molecular weight. The high amino acid composition was alanine (11.1%). The isoelectric point for *goxB* protein was 9.95.Fig. 6The amino acid sequences of *goxB* gene.Fig. 7The amino acid sequence alignment.

4. Discussion {#s0075}
=============

More than sixty percent of the applied pesticides in agriculture are herbicides ([@b0260]). The herbicides affect the plant growth at the physiological and biochemical level. Those herbicides control plant growth by inhibiting different metabolism processes at the physiological level including blocking amino acid synthesis, photosynthesis, mimicking plant growth regulators, preventing cell division and cell elongation, etc. Understanding herbicide\'s mode of action is a remarkable tool in research to handle weed control problems, examine toxicological characteristics and develop application methods in different agricultural practices. Biochemical processes such as various enzymes and functionally proteins are important analysis for understanding the herbicide's mode of action. Also, the understanding of the herbicide\'s mode of action is an important step for the management, organization and classification of those herbicides. It also provides an insight into herbicide resistance, which continues to be a problem in sustainable agricultural management. Bacteria treatment has been mightily utilized in the treatment process of wastewater. Although it is well documented that glyphosate is readily metabolized by soil bacteria ([@b0200]), surprisingly few glyphosate-degrading bacteria have been isolated.

In this study, thirty bacterial isolates were able to grow in LB medium including 7.2 mg/ml glyphosate. From those isolates, ten isolated bacteria displayed the ability to grow at various glyphosate concentrations. Only one isolate named FACU3 showed the high CFU at various glyphosate concentrations. According to the biological method and the sequence analysis of the *16S rRNA* gene, the isolate was identified as *Bacillus aryabhattai* FACU strain. The data showed that the *Bacillus aryabhattai* FACU strain was able to use glyphosate under different concentrations. Likewise, a lot of research has shown that glyphosate can be manipulated by microorganisms including the rhizosphere bacteria, the endophytic bacteria and plant growth promoting-bacteria. From the rhizoplane of various plants, [@b0110] isolated ten bacterial strains (including *Pseudomonas* sp. K3, *Alcaligenes* sp. K1, *Azomonas* sp. K5, *Enterobacter cloacae* K7 and *Comamonas* sp. K4) survive at a 10 mM concentration of glyphosate. Also, three bacterial strains, *Pseudomonas putida*, *Pseudomonas aeruginosa* and *Acetobacter faecalis,* were obtained from agricultural soil heavily polluted with glyphosate which is capable of degrading 1000 ppm glyphosate herbicide ([@b0155]). Furthermore, five bacterial species were purified by [@b0145] which degraded glyphosate up to 250 mg/ml of glyphosate. [@b0055] purified some plant growth-promoting bacteria such as *Bacillus cereus* and *Pseudomonas aeruginosa.* At the same time, these strains exhibited significant ability to manipulate glyphosate of polluted soil. Their result reported that the percentage of degradation at 3.1 mg/ml of glyphosate were 85.8, 76.11, 75.8 and 49% for *Bacillus cereus, Pseudomonas aeruginosa*, their mixed culture and control respectively, while at 7.2 mg/ml concentration, the degradation percentage was 72.7, 84.9, 66.4% and 39.2% by *Bacillus cereus, P. aeruginosa,* mixed culture and control respectively. A *Pseudomonas* strain was isolated by [@b0095] which showed a high ability to manipulate glyphosate about 2 g glyphosate/g dry biomass. Two bacterial isolates were reported to be efficient degraders of glyphosate, these strains are *Bacillus cereus* CB4 ([@b0255]) and *Ochrobacterium anthropic* ([@b0235]). Also, two plant growth-promoting bacteria, *Pseudomonas fluoresces* and *Enterobacter* sp were reported as glyphosate manipulating bacteria by [@b0015]. The rate of degradation depends on phosphate condition in bacteria culture growth phase, bacteria cell and the bacteria adaptation to herbicides ([@b0110]). [@b0245] reported that *Azospirilum* and *Pseudomonas* able to degrade glyphosate due to the undergoing delayed phase of death and longer stationary phase.

During its degradation, different microorganisms can use glyphosate as a sole source of phosphorus, carbon, and nitrogen. Glyphosate degradation pathways and its metabolites have been frequently investigated, but the related enzymes and genes have been rarely studied. Two different pathways have been documented for glyphosate metabolism ([@b0180], [@b0200]). The first one including the C--N bond cleavage using the glyphosate oxidoreductase enzyme, the AMPA Pathway ([@b0105]). According to [@b0185], the glyphosate oxidoreductase (GOX) enzyme breaks the C-N bond on the carboxyl side, producing the AMPA and glyoxylate. Glyphosate manipulation through the AMPA pathway by glyphosate oxidoreductase was reported in different bacteria, including *Arthrobacter atrocyaneus* ATCC 13752 ([@b0175]), *Flavobacterium* sp. strain GD1 ([@b0020]), *Agrobacterium radiobacter* ([@b0130]*), e*tc. The other pathway is through the carbon phosphorus (C--P) bond cleavage by a C--P lyase activity which gives sarcosine, glycine and formaldehyde e.g. *Pseudomonas* sp ([@b0235]). The C--P lyase activity could also degrade glyphosate to sarcosine, which eventually formed formaldehyde and glycine in a reaction catalyzed by sarcosine oxidase. *Arthrobacter* sp. strain GLP-1 ([@b0180]), *Rhizobium meliloti* 1021 ([@b0120]), *Pseudomonas pseudomallei* 22 ([@b0170]), *Pseudomonas* sp. GS ([@b0010]), *Streptomycete* sp. StC ([@b0150]) are some examples of microbes that identified to have C-P lyases. This study revealed the glyphosate manipulation pathways by *Bacillus aryabhattai* FACU through FAD-glyphosate oxidoreductase enzyme. In this study, the *goxB* gene encoded for the FAD-glyphosate oxidoreductase enzyme was isolated. Glyphosate oxidoreductase (GOX) is the key enzyme of glyphosate degradation to AMPA via C-N bond cleavage. GOX-encoding genes have been identified in *Ochrobactrum anthropi* GPK 3, *Comamonas odontotermitis* P2 (KX980206.1) and *Ochrobactrum* sp. G1 (GU214711.1) with 99% similarity ([@b0045], [@b0075]). However, GOX purified from *Ochrobactrum anthropi* GPK 3, containing flavin adenine dinucleotide (FAD), belongs to bacterial flavin monooxygenase superfamily ([@b0240]).

5. Conclusion {#s0080}
=============

The bacterial biodegradation researches of herbicides have been extremely developed and a lot of bacterial strains that can manipulate herbicides have also been identified. However, the effective applications of bacterial biological treatment were limited due to the low efficiency of bacterial strains and sometimes environmental conditions. *Bacillus aryabhattai* FACU strain was isolated and identified. FACU strain showed the highest glyphosate manipulation activity. The bacteria used FAD-dependent glyphosate oxidase enzyme in catabolism of glyphosate. Two specific primers were designed and used for isolation *FAD-dependent glyphosate oxidase* (*goxB)* gene. So, in this study a new bacterial strain was added to the list of the glyphosate manipulating bacteria.
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[^1]: \*+, positive test; −, Negative test.
